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(57) Abstract: 

I 

PURPOSE: A novel electron transport material and an organic 
electroluminescence device using the material are provided, to 
improve the luminance efficiency and the lifetime of the device 
and to reduce the operation voltage. CONSTITUTION: The electron ^X/^JO^ 
transport material Is represented by the formula 1, 2. 3, 4 or.5, rsAA^^^ 
wherein R1 and R2 are independently H, an aliphatic hydrocarbon o) 
group of C1-C20, benzene, naphthalene, biphenyl, anthracene, 
aromatic polycyclic ring or a group derived from an aromatic ring, 
and both R1 and R2 cannot be H; Ar is benzene, naphthalene, 
biphenyl. anthracene, aromatic polycyclic ring or a group derived 
from an aromatic ring; R3 is H, an alkyi group or aliphatic 
hydrocarbon group of C1-C6, a substituted benzene, naphthalene, biphenyl, anthracene, aromatic polycyclic ring or an 
aromatic ring; X is NR4. S or O; and R4 is H, an alkyI group or aliphatic hydrocarbon group of C1-C7, benzene, 
naphthalene, biphenyl, anthracene, aromatic polycyclic ring or a group derived from an aromatic ring. 
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£ 1 

-8-71 -jvse^-g, siiEiis. 3h-8-7l, -8-7i^tl-# 



Ik^^^ •«-7l ±Z}^ ^1^4 3711 ^-^Al^ ^ 5;i^ Afls^ ^4 ^4^^S1 5 o]^ ol^^V 

-8-71 ^^4i;^H ^^^«14. 

^7l ^Jg- i;^>^ JI*I1 ^^^j 1-^21 ^7] o]^^ x:]n}c]i^s. li^ll -¥.71;^] ^fls* t^SflS. 

ol-g-^ -¥-711- ^71 ±:^}7} ^^s^s\jL sinf. :ae1ui- Jf7ll- ^7] i^>^ ^s^^^l7l7l ^tb €^tF ^^^l 1 
GO V ol^vo.s. ^ji «j.;|-ol o^^7l nfl^ofl RGB(red, green, blue)2] -y-^-i^oil sltV # lel^7> 

-8-71 ^]-%-^ ^i7l ih4<Hl ^t!: ^i^£ iefl ^-^El ^S.71- ^^5)ol ^^l-LV Sl^o] 

^Of HTll ?!^Sl^lfe ^ ul Sic).. -8-71 1k% ±^}^ £fe J1^4^ ol^<H^ *7l# -g- 

^4 "^^^-i- ^^>4 ^^•'l <*171;^>* ^^Mn, ^^j^ c^7l^l-s^El 4^j-2) ^o] ^^js]^ ^ 

<^]-§-t.V ^0.5. 1965\1«^] iSCPope) f-<Hl filsfl "JVesI-aJs] ^;a^^S.-?-E.-l ^^£|Si4. 1987'd'fl 

a^-Al-51 t(Tang) ofl 9]t}c^ -H-7) 7)1^1: ^^^^^f-^ ^^#3^ 2 4^ 7l^ ^5)^31 T^Sf- 

•8-7) ^^7] di^l-7> ;^1'?l-5lJl, 10 V o]t[s] ^oj^o\]s. 1000 cd/m- ol^fil ^-S- ^-^I^S?)- "g-H^^lfe 

^o] ^^s]Si4(Tang, C. W.; VanSlyke, S. A. AppJ. Phys. Lett. 1987, 51 . 913.). <^1^'^, -8-7] ^71^^ ±7.}?} 

711 ^^sjjisat^. 

'§^^'^#(3). °l^«ffe ^^f^(4), ^d47> ^^5V°^ IJ-i- ^fe ^^f-CS), :?i7V* ^^o. 

711-^sl ^^1-21 o]^^s^7} 3.7\] 7i}o]7} 140s. 'r^f^* 4-8-*l-^ 

^^f'-e.s. 3:4^^5. 4^ 5a:5i ^^^■'J'H ^^4 ^^l-^l °is.7} ^^-i- ©i^^^ «|.^ ^^ii^-i- 
fe^ 4^ 5a7l «>fl^ol4. 

^j^i- ^^d^i^i^ 'a=^4 91^^ -8-^i*}^^i -i^ ■y-^j^j'^i ^=rt.> s}-^!-^ ^-s-^^i^. 

tfli^o] c^is.^ Dl^o] a^Al-oJlAi o^^slol n]^^*! ;H]4,356.429±oll 7flAl^ S.^^:^] ^s] a,>#^l-°l ^el a 
^SAl<»].ij1 (copper phthalocyanine, «>1*|- CuPcBl- ^)ol sJcf. ;g:g-^o]f. 0.5. CuPc7]- 71-^ ^^*l-7l nflf-ofl ^e) 
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>^>-8-Sl«H ^-Mi'i^oil^iS) ^'t7} y^i[7\ nfl^oJI #^2^(full color)Sl l^ii#eJ|oll. njofl^ ^;ql7V ^ 

1<^>^;^1 1-^2] <i2j °>^^^^ ^oi7] ui-H^ ^l€-sim- iais af-i- £'a^ ^^^^l-^ «>1 jiuisI^cKdi 

5,554,459 J: ^ Dj^^s] ;«ll5,840.217J:). 

2:7121 ^^"^^^^f- -H-71 -i-^Sfe N.N'-t:lJ^N-N.N'-u]ri;(3-Dill2|l>^)-l,r-i:l3ill'd-4.4'-cl<^l-'?l('^l*} TPDSj- 
<»1 '^V-l-slSi^M-. 60 t ol^«>fl>«i *^^«)-7l nfl^oil 95 x:y7}7] oj-^y^v N->4=l-N-3^fl'd-l,l'-i^ill^-4 4'- 

3^^f.(nl^s.5) ;^fl6.013,383±), ;«116.150,043±«>11 7^1^ oWAl^S-^EfSHl^S^^l-. a^-AH/,^ 

t!-^^7ll^*1^^ ^12000-48006±<H1 7llAl^ «1i(cl5ll'dal^3(|^)o>Ee).^, TDM'^i ^S*>J1 0)^^.5] 
6,249,08551011 7l)Al^ ^Bl^7ll2DV^^Al.o)c3^-^^, "^^^711^*1^^1 ;H12001-172284±. ^I2001-172280i<^ 

^^^^f-^^f- 7il^ol7];^>Sl ^AJ4- ^^^7] '^l^^i^'io] Al-o] aj^^ gj^ 

7Wfe ^o] Dii^ f'^tl-cf. SE §>421 7l^^ ^^^oj/^i <»1-S-3E]<H ^'>\t}^ 's■^°] lJa.«^4 

^4€^£7> ^S: ^^^^ ^^jo) ^4. 
^^^4 -^71 ^^7.}^ 7l^^<y ^^<^I|Ai 371) J:>xE(host) 1-^3!]. 7l]iE(g 

uest)-8- '4¥<H^4. ^J-^V^ AS £^ Tll^iE^ ^s-AS. 1* ^ ^ si 0.4 Sli- ^ #)£7> 

:il ^-a- -Sr^l-^ls) 45.^11 (self-packing) nfl^oil 4 jj^s^ 9!!A>Dl(excimer) 4 

4. 

^TS] i^->^ t^f-o.^^ 8-SlS.^Alfl^fi <y:^nlw'S(8-hydroxyquinoline aluminum salt, Alq3Bl- «-)ol 71- 
'j- JiAa^sj O.S. AV^s] ji sio.D^ s.-§r-§r ^o] 7] ^i-l-#2l€-(quinacridone)2l -fi-SSfl. #n>^(coumarine) ^21 

^^^-§- ^71 l-^l-^ ^^-fl AlqSol] -§-^4 3:71 ^VEljo] o>;yAjol T^^l 

^1-^ 71-^U Si4. S.^ cfl-?-^2l ^^#-§- l-^l-^ ^Aflo] ofia *l-*^-ll (light blue)cl7l nfl^ol) a^;g 

*1 #lal4 cl^tefloloi] -^-^^^H. ^^A^ ^-^^^ t^JL^l- feol7l ^«ll 5111^ (perylene)f-* £^*H 
^ti-cf. tflS^o] t^'i'-S- ^7l l-^l-^ «J-*cf^ ^^T^i, i3lS.(spiro)^ 1-^. <a-^°lw* i^tt -fr7l^^ 
^^1-. ol°li^*7ll- 7M ol^iel ^^1-. ^a^(fused)S U-^^ ^^-^ ^o] jl^cfl. o)^^ ^l^^^l ;*il5.516. 
577±. 5.366,81 IJSl, ;«1I5,840,217±. ;Hl 5, 150,0063: ;«1l5,645,9483lo1| 7llAl£15jt4. 

^^#2) ;a-f 'ffl = ;a(band gap)<5l 2h-8: ^-^^ t^2l ^aj^ cf%:s) ^^oj Aiq3<Hl ^jA^ f-^gl- 

±^ 4-§-*l-3 SiA4 iii^l-21 tV'g^j^l- ^-f-^°J-ol -g-A^i^^s ^l7l£):a oi4. 4^ "S-"^ ^.^.^ 

l£2l SJo], 1-:^S1 ^aH S>fe ^:^Aj a-g-^}* ^\-%-t}c^ ±7.}^ ^ Sa^f. 

^-8: ^Jil-014. ^ ^ofl^^i ^^^jol -f ^4 €^£.71- ^ Alq37> 7>^j- ^0.5. JtjlHlSi 0.4 ^ 

'^l-S-t ^-f 4#^(exciton diffusion^ 21^ «^ ifl^ofl -^^£7> «-^^«>l Si4. SE 

f^ell°11 ^4?^ ^4 4^^^ -t]:-2.(Sanyo)AHl^i ""iK^ €el-^(Flavon) -^£^1 SE^ 4 4i(ChissoMl-2] 

711S4-H- ^ ^el^'^msillEl-clofl ^^is)] ^o] ^^;cj sa4("a-&?-7ll-^*l^Ji ;«11 1998-017860^. 'a-S-^7ll^«l^ 
:e.;*lll999-087067:S:). 

ol^ '^7}^cflt}-5l 1-^ 51^21- Hli^i^ Cfl«^2l iBl^E ^4 ^^£7^ ^aV^^^^o] Jf=:^i^V 

PBD(full name), TAZ(fuIl name)i4 TPBKfull name)^ ^-8-. "^Isl^i!!- ^^-B: -3-7l -Jl^l- 
^1- £.^«l-<^ JlJ:-i-2l 4i;*l-l- <aSi4(C. Adachi. M. A. Baldo. and S. R. Forrest, Applied Physics Letter , 77, 
904. 2000.. C. Adachi, M. A. Baldo, S. R. Forrest. S. Lamansky, M. E. Thompsom. and R. C. Kwong, Applied 
Physics Letter . 78, 1622. 2001). 0]^]-% l^^fe ^^1I^'>421 ^^1 (singlet-singlet transition)^!! 

2l^V ^;^lii-^ Sel#5!!-Aj#^ ^oKtriplet-singlet transition)^ ^ ^'^oflAi 7llAl£l^ 7^ 

^^-a ^ 'r'S'-g- ^-8-% ^4- i-^a ^-s- ^^n-ir^ ^ -fi-71 :a7m^ ±7\% 7\^% 
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^•el-^-l -S-?] ^7l^^ ^^IV -if?! 1-^0] °^s]^ t^-S?^ ^Jo) 7}^^^ 

"11 =Ji^>iBl^r ?)J£ ^A^. ^-g 5^ vll^Ajo) ^c^sjoi 5^4. 

^ ^^"i-Sr ^^7] #2)l7]#sl t>^^^ ^ i^V 3711 ^AJ-A]« ^ si^ -tlfl-t} 

T^'^f'-S- ol* ol-g-^ -B-71 ■:?i7| 4:;^>1- ;«fl^*>fe o.^ ^V4. 

-B-71 ^71 it;^># ;Hl^*Vfe 5J olcl-. 



3±S. SAlSlfe ^^1-, s}7] 45. 5J «l-7l 5S. X^lSj^ ^I^ILVt:}-: 

[m^ 1] 




[^«1-^ 4] 
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N 




im-^ 5] 




^71 1. 2. 3.4. 5J 53) ^oflAi, 

R 3 ^ 1 62] 'a:^7l SEfe ^]^^ ^^^i, "a^, 4«>]3fll^, ^tse^l, Hfe 

NR * , -a-%«;^K sfe ^ . 

-^71 R 4 ^ "r^t^^^K ftii^ 1 ifl;^l 7 SI ^^7) fl-^'ti^. la^. oVsef-i. SEfe 

t#. ^^7) ^tj-Ai 4S. SAlsl^ 35-^1-, ^ ^^7l 5S. SAls)^ <»1^<H?» 1 f' o]^ 

5lfe •8-71 ^f-i-^ ^^«>^ -8-7l3l-^#f^^ -8-71 db^}-» 

^"^-a- -B-71 t^(-B-7) EL; organic electroluminescence) ±:^}^ -fr?] ^^f-f-oi) 

^ ^^"^^ ^-8-« ^ Sife ■H-7l"e^^i^VSl, ^^ofl tflS}.:^ 

£ 1-& ^ ^^gS] -fl-71 ^7l^^^ ±7.\<^ ^ 51^ ^3ifi^ 0)11- v+Efvfl^ ^^£3., 1^ 71^. 2^ 

7m(l)-a: -^71 ^7]#:^ i^VSl ^l^l^il'^H. ^o]^, 5Efe f^^iEj If-olM" ^IB f-^l 

^^71 7)^(1) 'a=^(2)<^l ^l^l^"^. -^leltl- '?J^(2)* o. m ^^]5)^ ^*^'a4(3)^^ 
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^-a^ ^ ojolo> ^c].. oil- ^«(lAi^ O]^^ i^^o] 7M 

Bl ^o) ^£(Tg)7> 70 r ol'S-Sl 7fl^7> ol4 ^^-i- -LV^^m NPD(^'^ N 

PB5^- 3fllia-o}lol-^7il^^l-. oWAl^S.^Efmej-a^^* «l:ii(^i^l^ul^3ill^ 

•^ISf ^-e- "J-^^^ 1-^5.^ ^-ajfi^ Alq37K ^Ajjo] Balq(8-hydroxyquinoline beryllium salt). 

DPVBi(4,4'-bis(2,2-diphenylethenyl)-l.l'-biphenyl) ^1^, S.(Spiro) 1-^, i3lS.-DPVBi(Spiro-4,4'-bis( 
2,2-diphenylethenyl)-l,r-biphenyl), LiPBO(2-(2-benzoxazoyl)-phenol lithium salt), wli(c)i^l^u]^2i)^u) 

3^1S€, ^ BczVBi(3,3'[(l,r-biphenyl)-4,4'-diyldi-2.1-ethenediyl]bis(9-ethyl)-9H-carbazole; DSA(dist 
ryiamine)t)l- ±^ S.^^^^ ^}-%-^ ^ m. ^J^- ^ ^^ ^^6^ DCJTB([2-(l.l-dimethylethyl)-6 

-[2-(2,3,6,7-tetrahydro-l,l,7,7-tetramethyl-lH,5H-benzo(ij)quinolizin-9-yl)ethenyl]-4H-pyran-4-yliden 
e]-propanedinitrile)fif ^Sr 1-^* ±^ S^^H 4-§-t!:4. "^3^ = ^^. -fs^. ^^3^ -f-sl Af^sH 
^^^t ^^<H1, tE]3^^'a«l^'a(PPV) JI^^W tel #S€(poly fluorene) f-sl -B-7l 

^7l -B-7]t^f'(5) ^ife ^^]-^^f'(6)ol ^^1€4. o]^^ ^^l-^^f'(6)'8r Zl 41ofl ^^15)^ ^^(7)^S.-¥-E^ 

o)-f-^E7> 3.3. 'H^^i^] ■f'rl^ #€S «>l-¥-«>1;^«>> t!-4. ^14 ^-a- Ell 

-f-E}!^^ -i-Sl "S^^t^ S^l-«-(^^^7)ls.gl^^ ±57-5178131), 8-«-lH^Al ^^^Sl tf-°1^^2] ^ 
^ai-^l(<y-g-^7l)^5l^Ji di59-194393J:), 10-*1hs.a1 ias[h] f|*€2^ ^^l(^a^^7l)^^^Ji ig6-3223 
62J:), A]#s. ^lEl-c^-a -S-£^l("a^^7]]s.§i^:a 3§ 2-289675 J:), ul=i iEll -fi-£sfl(o^^^7lls-§):g-i 3g 1 
-245087J:. 5 <a-S-^7])^«1.^tis§2-222484±). -B-H^K'a-gr^7fl^5l^:B; 3g2-189890^, ^ -^^^711^. 

3§3-7913i). p-3^^« •^£^l(^-S-?-7lls.«l:^a. 3g3-33183±), ^ 4^).$ ■^£^fl('a-S-?-7tis.5)^i 11- 
345686J:) ^^I a>^^ ^ 

^71 ^;^V=^^^^(6) ^°flfe *^(7)«>1 ^^(7)€- ^^Hr^#(6)oil ^41- ^«a«>fe ^4. -I- 

A]-g-5^^ oj:=(2) ofl oi^*>^ 71-^^H, ^i^v^oj^ ^silAi^ <u 

£^ ^^t!- A>-§-^ ^ Slcf. Ht!- ICQ wn c>1b^> ^^^ISI ^^9^SiB\o]^si\. <^^^u]^, «§■ 

^D)^. ^Hl-t-iV^l-^ -f si 2 # ^-^isl AV^t 

<?J^4 ^^H- ^-a^l-fe #^ A>olo1) ^cH£ sl.47> ^vcf 0)4 :y-ol 0^=^. ^y^]^ -8-71^^1-^', 

4^al*l-7flfe -i-^AVols) ^;i>^<a ^ ^'S'^ofl ^ ^tgs] .^ifl. ^-frA] ^ 6.s<>^ aj-g-5lfe- -8-7l 

711-^ dt^ffil Jl#4 ^'g* H711 *c!=^VAl?J ^ oXty. SE^V ^^^»J-* ^^B^ ^V'§AJ<»1 ^^^V -B-7) ^71 ±aVi- 

^ 1^21 ^o] ^ ^i^c]]^-] Af^j^fe i.^<H] £^H(dopant)l- ^7l-*H, £^ ^ 

€^>^4^# ^^f^ ^Ajoii ^ig^ 55i4. 

^ ^"gSl sj-«^^ 1 vfl;^l 5S SAl£|^ -B-7m^l-^^ ^^>^<a ^ ^^7l^i: 7Hb 

^^1- 55 4^^«V4. ■& fgsl -a^fil 1-«1-'>1 ^-a ^ ^A^*U 

A^t^s.5a4. ^ . 

•S- ^"gs^ •fr7l^^l-#ofl ^t-S-sl^ ^J-71 1 ^^1 Sfil ^^1- f'oilAi JiL4 4tal^ ^7) la, 

la] 
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t^«^^ 3a] 




^7] la. 5 H^n^ 3aS) <il6l|Ai 

4. nem o]5i*> i-^f-o) 1-^^ JiJl£)7l ol^oi] ssf-eKMotorolaMs] -8-^^7lls.*l>iL ;*1]0700 

917 A2s:oll olB]^ l-^l-sl ^^^i-sil^^l-l-oi ^Aji tij:^.^ -H-71 ^71-3-% i;^).^. 

^o] o]v] S.3m9i^. oH Dl^^Sl ^15,766,779±. ?J ^15.645,94831011 olnlc^-^. EjoV^ SEfe ^A].t7l# 7l-:5! 
-a-71 l-^l-o) ^7)-^^# ^ Af-g-^ -0.7) ^7lt4 dt47l- «J:aslSlfeiH], ;^l5,766,779J:o11 ?]] 

4^ ^-8-°im <^l5l^ *l]Ei]^ 2}-^7l-i-oi tv ^^f iflol) 2 7)1 xfl;^l 8 7ll^W s^slSi^^. oil- ol-8-«fl ■fl-71 ^7i§:g- 
^421 ^^T^^f^ofl ^-8-^151(4. SE^ o]^^*) >l|5,645,9483:oq^ «II ^^2^-8-7)1-01 ^ ^;^Hoi] 3 7lj ifl/^l 

8 7117W ^7ll-:gl- ol-g-tH ^^f^ofl ■|-§-*l-Sil.5-^- ^ "e'-'foflAife el-^21 4 7)1S1 ^l^^a-iofl 1 7ll ifl 

^1 2 7llfil ^'^t}<^ ^^>^°d ^-^^^-g- #^5. Al-^^V .^Ol ^ m;gol5). ^ ^ 

1996\l£.oll SEj-AH'^i ^a^li Dl^^*l ^15.645,9485: ofl 711^1^ TPBI(^tT-Ai q)^ <^]^]r:^^7]t 7\:<^ t^\s.^°d 

SlAo^, -51-71 Si^i t ^ o)^^o] ^;.JS1 1,3,5-Al^ ^^H) ^) 7)121 N-2ll'd Si! 

2:ololcl.l:7l» ^-B-^fH 7l^ai o.^^ ^tt>^ ^as^ o>qs^ t^f'ofl'H ^"Hi!.^ 7l^ 



^^^711^*1 ^11-345686^011 7]1a1^ #^1-^ ?r>7l ^t^^i 7 ^fl^] iq6^^:\ ^ o^^o] ^ 



[^fl^^ 6] 




7] 
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K) f-oflAi ^.^^v^^sl ^^71- ^^sl^Jl t^s] 7llAls)SJx^l'?>. ojBel-^sl ^^^~}^<^A -^Hfl^ ol^l 1960\i 

SiSi4(W. Helfrich. W. G. Schneider, PJiys. Rev. Lett. 14. 229, 1965. M. Pope. H. Kallmann. J. Giachino. J. C 
hem. Phys ., 42 .2540, 1965). 

^^^^ -B-71 ^7)^^ ±.A% 7W\A "J^s^-fflsl 10 «J:-S-^1«- ^^1 

ofl o^Dg a]-.g-7li- £'a*l-i^x47l- Dll^ ^>ci-. %AAn<A tS^V ojEs].^ -a-t^ll-^ S-f - -H-71 

"laitb ^^1^^ ^«fl -g- ^^a^i-^ t>s2i-€2i 2,6.9.105] ^^r^dti- oi-g-^ «}-^«>ii ^■&^7iis.5i^a. 

^11-3456863:^ 1.5. 1.8 SE^ 2.63] -f- 7llSl o]^*>ji 9.10 ^j^l^ >i^.g;5].5.D> :5ol 

014. 

.g. ^<^;^l-l-o) ^A^t^ S^^-^ 1 5S i^lsl^ ^2^0] ^Sj^-g :^n}. o>e 

e^-a-gr 10 ^m^i7> Sifetfl -g: ?>.E5}-a4 2,6,9,102) 4 7llS) ^^^J-dt* 71-S-1-711 ^^A]?1^A-] 

#<»l-lfl^tfl 7\^o\ 7>^ ^ ^^Ojef t'T 5tll4. ^, °J-S5l^^2l 9.10 ^^li Sll 

7)1- £^ -i-^l^l ^1«*>71M-, -l-Sl >f,V«^2. ^^^i* «>lDH:f#. ^A}1: ^ Elo>t.7ll- 

^ ^^^^^ t cfli^"?] l-^l-* s}7i ^Aioijoii^^ ^cf ^^i^i o.^ ^•^si^^. ^ ^^"^^ cfla^jo] ;a 

^ T^^^^* 7>^ l-^-t-S- 5>7l 1-1 ifl^ 1-16. :^t^<i] 2-1 2-5. :^«^-<i] 3-1 3-9, :^ 

4-1 4-5, 5-1 ifl;^l 5-55) ^^l-tc.]c|.. 
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1-1] mti^ 1-2) 




im^ 1-3] im^ 1-4] 




[m^ 1-5] [^«^<ii 1-6] 




1-7] [^^^ 1-8] 
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im-i^ 1-9] [m^ 1-10] 




[^«l-<i] 1-11] [^s^ij i_i2] 
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mn^ 1-15] 
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im^ 2-5] 



- 12 - 



Snmrn ^2003-0067773 




- 13 - 



S^H^SI ^2003-0067773 



[m-^ 3-7] [m^ 3-8] 




mn^ 4-1] 4-2] 




[S^t^^ 4-3] 4-4] 
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^7] 1, 2, 3, 4. ^ 5* "J^sm °1» <>l-§-«- -B-71 ^7)«i:^ ±7]-^ o]t}2] ^aJoI) * 

Hlaoiloll s^t^c^ ci^ ^^1^)0.5. ^tg^Vcf. la-, ^Alc^]^ ^^^-k ofl>^l«l-7l ^ol^^i ^;gsi;^i ^ 

a] b] im-i^ c] 
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d] [S^Sh-ii e] [mM f] 




im-H g] im-^ h] im-i^ u 
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:4^<i 1 

2.6-c)oHic<i>He^-^fe(23.8 g, 100 mmol)# 48 4^21 ^^oIhS.:^ o.5.d>o1h ^^^<^] ^<lVa]^ ^_ 20 

TC-^^i M^Hf- i4°1S5^-olS(NaN0 2 .14.1 g; 204 mmoD* 7>^t:]-. 7)^] ^e^^Jo) ^ 43 Vts^ 

u^-nfolH ^^0^(63 mlH «l-^^el(CuBr, 29.5 g; 206 mmoO* °il^-i-(50 mt) 

^l-^o] ^^#(10 g. ^-i- 27 %)■§■ ^Si^l-. 

IH NMR (300 MHz. CDCl 3 ), 8.44 (d, 7= 2.1 Hz, 2H), 8.18 (d, J= 8.0 Hz. 2H). 7.95 (dd. /= 2.1. 8.0 Hz. 2H.) 

^±.^^7] SH^i 2-«.S.£ til5ll^(8.83 mi, 51.2 mmoO* THF(2G0 ^o]SL -78 ^z^ti- ^ 

^el-^l5lf-(60 ni«, 1.7 M ^€-§-°-!l)* *1 7>^4. ^<a-8:£<Hl^i 40 ^^^^ ^ ^J-7l ?.]]2l<^] Hl^i tI]^ 
^ l^t^^ aSl ^^l-(7.50 g: 20.5 mmol)^ ^^■Sr£<>11^i 7}^^x:^. ^^-^7]% 4^]^ ^ *-§-l-i- ^^^H^i 15 
^m^-?}- ^-1- -S-^-i- 1=1<^« <H[lB|lH(200 mi)si\- 2 N «S'il-8-«^(200 in«)2l ^^-i-^H 7}-s^c^^3. 

^ti- S.^]s\^ ^^#(11.8 g. ^-k 85 %)!• 'asi4. 

^j-7] ;;fla<^l 2<^l^i ^112^ hS. X-^ls)^ s^-^l-(4.00 g; 5.93 mmol), ^^#^^H(9.85 g; 59.3 mmol)4 ^ 

Bf- *}oliii34.olE s}o]=. 5^)0)^(10.44 g, 119 mmo\)S] ^^1-* 5.Hdi-c11-^S'S!^(600 nve)2l- oHH^(8 
0 mi)s\ ^^-g-^JjoflAi 24 ^^S>514. ^-8:^5. ^2)-tV ^ ^tl"^ ^f-sVji -f-^^AV^V 

^ -f ^ ^J-'a-^V^i -g-^'fll- ><11>|el-5a^. <^H- inS t-aiAl-o?! ^AUl?) HtiV^l-jl o^s^tv ^"S- ?i2:«f<H 

in^A^S) S^t^^ cS. K^]S\^ fl-tl-(3.3 g. 99 

^fe^ 478.1 C: IH NMR (300 MHz, CDC13) 7.92 (d, J= 7.6 Hz, 4H), 7.46 (t, /= 8.0 Hz, 4H), 7.33 (t, 7= 7.4 
Hz. 4H), 7.21 (d, J = 7.6 Hz, 4H). 6.88 (dd, J = 2.1. 8.6 Hz. 2H), 6.47 (d, J = 2.1 Hz. 2H), 6.22 (d, J = 8.6 Hz. 2 
H); MS (M+) 636; Anal. Calcd for C 33 H 22 Rr 2 : C, 71.50; H, 3.47; Br, 25.03. Found: C, 71.90; H. 3.40; Br 
. 25.7. 

;<llsofl 4 
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65 X:<^^^ 6H]sqBl(250 m«)^l il-3}-^e1(CuBr 2 , 18.0 g. 80.0 mmol)4 ^^b]-^^ ^'^]^^o]^(i2 mi 
101 mmoO^ ^'ii->«>]7U aaV^ ^, 0^7)0)1 2-oMicO}-E 5^-^1^(15.0 g, 67.2 mmoO# 5 ^7}ii\ 
^cf. 71^1 ^^^M «J-S-§-«Jl^ ^^^±S. ^At\lL «V^-8-°-^^ 20 <g^V=^-g-°Jl(1000 n.«)o11 

Ji ^t^fScl-. -¥-^%'LH^i-11'g'A^ ^^^^^ ^]?]^ ^ ?^"a-*H m 

5%)*^Si4. ■ 

m^s\ ^^^^^ ci-^^ ^cf. 

^fe^ 207.5 C: IH NMR (500 MHz, CDC13) 8.43 (d, J= 1.8 Hz, IH), 8.30 (m, 2H), 8.17 (d, J= 8 3 Hz IH) 7 
91 (dd, y= 1.8, 8.3 Hz, IH), 7.82 (m, 2H): MS (M+) 286; Anal. Calcd for C 14 H , Br02: C, 58.57: H '2 46: B 
r. 27.83; 0. 11.14. Found: C, 58.88: H, 2.39: Br, 27.80: 0, 10.93. 

5 

=^±^^7] tHx^ Eimal-sl-olHS. ^f^dOO men 2-" S.iBliil)^ (9.0 M. 52 mmoD* ^ojji -73 ti^i 

t1^2l-T-l2)l-(40 mi. 1.7 M ^^-g-°-!i) * 7>*f^cf. -f-'a^£oi]Ai Ajj^V .^of hm>^v ^ AJ.7I ;^3.ofl 4 

^^i as. X^lsl^ ^^l-(5.0 g, 17 mmoO^ 7}t}^t^. Wi2^-8-7ll- ;«fl7lt^ ^ ^j-^olH 3 a1:l>^oj. 

^#5. ^2: ^ S^-sv^ eS. iAls]^ ^^«-(9.50 g, 92 %)!• "gSicl-. 

^i^fl7l ^H^i ^j-71 ^j^c-il 5o|]Ai eS. S^lslfe ^^l-(6.0 g, 10.1 mmoD* oHlS-iV 300 m«oll 

^A>Al^ ^, t-t.2..2.S.(16.7 g, 101 mmol), «l-ol5. i>:4o]E S}olH.eflo] e(i7 7 2OI mmoD* 7>*U 

3 Al^V ^0} §ol^A-l 5iaV5}^cl.. ^^0.5. "^^^ ^ #4 -iS-S- ^ ^3:5H 

fs. s^isi^ ^^#(5.0 g. ^-i- 88 %)^ -^m. 

7 

(^«?-<il g5. SAl si ^ 21 ;«jl3:) 

oMlB-tl- 100 mio^ -^7] 4^c^] 5ofl><.i eS. K^]s\^ ^l-i-(9.5 g, 16 mmol)^ ^-LH^li. °i7]oll 

s. ia-8- * #4 oii^^s ^2:^ ^ '§'^'3 ^;H]eH g5. SAjsi^ s^t#(8 

.0 g. 89 %)!■ 

7^2,4 8 

(^t^il hS. SAlslfe *t*^2l 

^41^^71 ^H^i 150 m^sl THF°fl ^^7] ;«ll^oi] 70^^] j^^a) i^ls]^ ^WlO g, 17.9 mm 

oD* ^. -78 tofl^i ^^^'^^^^(31.5 Jd, 1.7 M ^€*1 7}Sl-^c|-.><a ^S.'^/.^ ^ 

^91 H'?}-?^ 4 B5l°fl^^e^lolH(8 mi .71.5 mmol)^ 7>*]-^4. .§-711- ;Hl7l«l-Jl a>-§- 3 a].?]- 

^°J- '*'S:°fl'^i 5i^«1-^4. «J:-S- ^^l-'fl 2 N <S-t>=r-8-«^(100 mtm 7}t}2. 1.5 aI^V f-oV ^^oflA^ H«>SV514 

^^^-^nS-JL #4 o111oilt|5S.^}iJl]S.^^:¥::5l^ ?i2:«1-Si4. ilofl 68 S ofl t-AVAl?! ^ A];?}. 

^ o^4«>j1 ^2:«}ol ^-aisl hs sais;^ ^^#(7.6 g, 81 %)* ^534. 

(^«}^ i5. SAlSl^ t^#^2l ^]2i) 
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^ib^^l?! «^o1|A| EflEE^.§).olH^ ^^aOO m£H (llg, 53 12 mmol)^ ^ojJl -78 "C 

oflAi Bl>H 51 #(46.87 mi. 1.7 M 5ail:-§-°Ji)* ^'S^S'Hl^i ^ ^oj- HaV^i ^' ^^7] p^i] 

^-^1 4011 dS. aA]£|fe S|-^#(6.36g, 22 mmoD* 7>*l-^4. ^^-g-^l* ;Hl7ltV ^ 3 a] 

93 %)# ^Sicf. 

^dt^^7l «><Hl>^i c^4Sli^'^*(11.2g, 20.5 mmoDl- o}M]B^ 200 id«o11 ^^^M ^, *f-^i2.S.(34 g 210 m 

mol), 4Sf- 5l-olcE)]o]E(37 420 mmol)^ 7}^ ^ 3 ^^V #ol^Ai Haj-sj.^,^ Aj-^ 

R4 o.'l.fi. e>1<MrJ. -iBsv..i.B. le 



2-3^5. S.^^]^^ 

4-aS£5|l^^c-]l^>olH(41.6 g. 225 mmol)2f l,3-SS.:&c)l-(16.31 in*. 225 mmol)^ ^^<^ 500 miofl ^^l ^ 
J^e^-l-^-ffl^^-a- 1 g^ ^al i-i: ^l7l*f^Ai ol^:f.o> .?}-§-l-<Hl ofluflH IQO mi* 7^ ^tl ^ »'l 

00 in«l- ^#*]-Sa4. -g-nfll- ;()l7lsH -a-a- "A^]* 1^ 3S.nl-£zls])i|s ^el«l-Ji '^ol:^! ofl^]o)) ^^o)] 
tfl =S. ^-l^Al^ 4-as.£3^1'd'^Hl^^ ^-aiJlsllS ^Si4(45 g. 85 %). 

4-.M.Sa3^^i<«Hl§(5:00 g, 20.6 mmoDofl ^a^Hl^ THF 100 in«l- ^S. ^^^1 ^o] ^ -78 TCS. wV-g-g-Sl: 
Sicf. '^7H B]>^5l-^l2ll-(1.7 M ^^■g-?!^, 24.2 mi!, 41.1 mmoDl- ^ 1 ^IL^ ^91 HaV^y^cf 



2 N ^-§-^ 200 meol) ^7) HV-I-^^ 1 a]:^ ^o> j^^^v ^ 0^4 «>ji. * -M-a-ofltl s^. ^oj§ ^ 
:a-4Ii 4-i^sll^^S.H'tK2.5 g, ^1- 58 %)-§■ ^$14. 

^7] 3oflAi cS. S^lslfe ^^#(0.4 g, 1.42 mmo04 4-i'ai^N^SHAKl.l g 5 29 mmol 

)^ 2 N ^-8-°-^! 10 m^sl- -t^^ 30 m£2l -g-oJjo)) aaVs}^^^ Pd(PPh 3 ) 4 (0.16 g. 0.14 mmoO^ ^ 

31 3 -a -f-"?]- -f^^f^* ^#t!: ^ -ii!:;! ^^vfl^^AVo.s ^^Al^ 4: ^2l?>^ f^i- -i-4A] 

^^^1^ c]o^c-ilSl.ol =(40 mg, 36 %)1- "3 Si 4- 

t:l^H-)1§>o]H(120 mg, 0.22 mmol)Sl- N-2il^-l,2-2il^^!i^ol-°l(82 mg, 0.45 mmol)^ l-^<a 20 s-tV 10 me 

0)1 2 ^^^i -a^As Misi ^Ajjg jisfl^ c^3!)-t}- ^ oim^s -^jioi ^^i^ ji^i* ts. 

Sif- 100 miS. -iSjI ^^4«l■o^ f^n^ 2-3-2.S. i^lslfe sl-^l-(120 mg, 55 %)* -aSi^. 

01 m^s\ cf-i-^ ^c}-. 

395.0 TC; IH NMR (300 MHz, CDCl 3 ) 7.88(2H), 7.62(2H), 7.66-7.60 (lOH), 7.55-7.44(15H). 7.40(2H 
), 7.38-30(9H). 6.95(6H), 6.83(4H); MS [M+H] 1019. 

^^loil 2 

-^7] ;«(|2:ofl 6o|lAl ?H]3i^ itA]£l^ ^^#(1.00 g, 1.79 mmo04 4-i'g3)l^iS.HA}-(o.74 g, 3 57 m 

moO* 2 N ^-iV^f- l^-g-^Jl 20 111^5+ f-f-^l 40 m^fil -g-oJiofl 3L«}*>^Ai Pd(PPh 3 ) 4 (0.20 g, 0.18 mmol)^ 
^JL 3 oj *<L> ^r^^l-^c}. f.^<a.t^ ^ #S -J^Jil -^4^ nl.atll-#%A)._os. ?13:A]?1 ^ ^el?)-;^ f ^ Jf- 

2I-A]?) ji -g-u]]^ ;^l7l3H ji^l ■asicf. ofl^^ 100 roes ^j^o]^ Jf. o^jq-sl-ji ofl^ oV^EflolEs 4:g7§X\ 

^ -LV^el-^ s^N-aicfl^l-ol c (330 mg, 31 %)♦ -gSl^. 

ojEa^.^ 3flNoj.c]|^}o)s.(o.33 g, 0,56 mmol)4 N-3^^-l,2-3ll'd!ac1o>^ (0.11 g, 0.56 mmol)oll -f ^oj 40 roe^l- 

10 me-i- ^JL ^^t}'^t\, 2 "i^ ^-g-Ai?! 41 -i^o.s iflBi ^Aj^ jasiii- o.i4*>ji 011^^4 #55. 

SS- «s^4*l.c^ a^«)-^ 1-25. iAls)^ ^^§(120 mg, 55 %)* <^9i^. 
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IH NMR (300 MHz, CDCl 3 ) 7.89(1H). 7.75(1H). 7.62-7.29 (24H). 6.98- 6.76(12H); MS [M+H] 751. 



^^71 ;H]Sojl goflAi ^12:^ XAlSlfe ^t#(4.0 g, 7.85 mmol)2f 4-i'a2il^JiLSH 53 23 6 mm 

ol)^ 2 N l^^V^s^t ^-g-^Ji 20 ni«fil- »^o!) 60 niCS] -g-oBoi) H«V6}-aAi Pd(PPh 3 ) , (0.27 g 0 23'mmol)^ 

^'i^^m^]^ (2g, 47.6 %m ^n^. • ~ "^'^ ' 



5ll^tc-l)r>o)-(2 g, 3.74 mmol)4 N-3fl^i-1.2-3fl^'ac1oVoi (0.69 g. 3.74 mmolH ^^<& 40 me4 a 

-tl: 10 ^Ji ^^t\^r^. 2 "LV^Ai^ ^ >^^±s. ^sf- xflsj ^^^^ «^4*1-j1 011^^4 
"^^^^H 1-4^ S.^]s\^ ^^l-(1.3g, 49.7 %)^ -^Sinf. 

^^^^ 352.0 1C: IH NMR (300 MHz, CDCl 3 ) 8.28(s, 2H), 8.14(d, 2H). 7.99(t, 4H), 7.81(t. 4H) 7 62(m 4H) 
7.53(d. 2H). 7.45(m. 4H), 7.32-7.26(m. 6H), 7.22(s, 6H); MS [M+H] 699. 



^±^^7] SH^i 2-^S.3. t+=*^(5.78 g, 28.0 mmol)* THF(40 ml)o\] -yg tS. ^ ^ 

A^5l-?-^5lf-(21 ml, 1.7 M €l^-§-°-^)* 7}3V^nf. ^"y^E-^llAi 40 ^:?} a«Vtb 4^ p^]^c^ loflAl ;Hl 

S^lslfe ^^#(2.93 g, 8.00 mmol)^ -^"a-SrS-^^i 7}^^^. "^^7]^ t^]?]^ ^ ^-S-#* 
^oflAi 3 .foj. awj-^V^cl-. «>-§- -g-ofloD <9-a^«5.2}-o)H-8-°Ji(40 M ^ji 40 -^-g-oiMi 

Og, ^#82%)«^Si'^. 

'^^•i-(4.10 g, 6.59 mmol), tt#-fi..2.H(10.94 g. 65.9 mmol)3l- ^-Sl- 3]-o1ii>,3]-ol e rj-olHeJlo] E(n 6 g 13 
1.8 mmol)2] ^^#-1- <5Hm>iV(200 me)'HlAi 24 a].?}- <y- ■^J-^o.s. iflz^-^l-ji 0^4^ 40. of^jE-y. 

-i^-B-ofl^^.^ ^-g- 4^ 2,6-c] as2.-9,10-c]4=^^-2-^-o>eBl..g (3.I5 g gl %)* 

2,6-c] « Si-9,10-clul-=*^-2-°^-^EE^^ (3.15 g_ 5 35 mmoOiJf 4-S'a3*ll^:a.S.'=|'i}-(2.81 g 18 7 mmol) 
^ 2 N ^^VS-f- 20 100 ml S] %.o:»d\] ^JL IL^^t}^A] Pci(PPh 3 ) 4 (0.25 g, 0.22 mmol)^ 

^#11 15 A]?> f-°J- l-^-af-^ ^ 1-S ■^-'^^ nfaMl^^-a-O-S. ^ « 3S.n>£zi 

2fl2|s ^elsV<^ 1^4=1 ?>H2^-ffl 3^1^cl<^iH)*l.olE.(2.77 g. 81 %)!• ^$i4. 

^7l ^VHHl-a 311^4 ^tfl§l-o]H(2.77 g, 4.34 mmol)4 N-n^-1.2-n^^r]o}v](2m g, 10.9 mmolH 

1-^^ 120 ±^ 60 ii>«l- ^JL «:^SV^cf. 15 ^j^V ^^oj. wV^a]^ j?: nj.^v^Al.olH(1.51 g, 17.4 mmoOl- ^ 

2-4S. SAlSlfe ^^1-(1.52 g, ^i- 55 %)^ «>1 ^b^^ 487.4 tojc)-. 

(^tj-il 1-14S SAjS)^ ^^^O] 

9,10-Hli-al3^N-2-°J-2,6-4«S.a<>J-E 5^^(1.00 g. 3.55 mmol)4 4-i^i^l^:e.S.H>i>(0.81 g, 3 90 mmol)* 
2 N ^-il-^f - 10 ni£i2)- 1-^^ 30 ml2\ -§-S!joi] H^^I-^Ai Pd(PPh 3 ) 4 (0.10 g. 0.09 mmol)* "42.2^^ 
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/HEX=l/2) 4-(9,10-«li!i-H]5i|]^-2-<a-6-^S£-^VHBl-a-2-'a)-s!!2:^c-i]*>olc^ 0 8 e «■ 

^c^7lo^|Ai 4-(940-«l^-H]3|l^-2-'a-6-as.a.-^VE2^^-2-o^)-Hilao^Vci]gi.olH(0.80 g, 1.20 mmol)4 N-^^- 
l,2-3l]^?!c1o>Dl(o.22 g. 1.20 mmoOoH l-^<a 50 iii«sl- 2:^> 10 ^JL ^^Sf^cf. 2 "a-?!: 1>^a1?I ^ -^^o. 

^1-145. XA) s) ^^l-(0.45 g. ^i- 45 m 
o] m^s] ^^t^^ 44-2)- ^4. 
417.7 r; MS (M+HI 1231. 

(^«}-^ 3-25. 5.A]5)fe ^^-i-sl 

9,10-c]-^i-9,10-'^s>olH^-o).E2].^_2-5']-aVo^Vci]5|olH(l.63 g. 6.9 mmolH l.27 g(6.9 mmol)s) N-J^I'd-l 
2-111 ^^c]ofDi(i 27 g. 6.90 mmol)^ ^^-^ 80 mea]- oHIhav jq ^ei- \^ 2 12 Aj^V ■§■<»}• ^^Ajjjc^ .§.nlH. Afl' 
TlAjf] j1 ofl^-i-i: <^4«H ^3:o1d14$ S}-^#(2-(l-3^^-lH-^3LolDlc}.#-2-ti)-o>Esl 

fife. 1.14 g.^^ 41%)* ^5a4. 

2-«S.JZ.Ml3jflid(i.46 g. l-.l HI*. 6.25 mmoD-l- n^^^o]^S.W^i50 id)^ ^^^-^^^^8.3 ml 1 5 

M J^^-S-^-S)* -78 ICMlAi ^^1*1 7f«H ^>-i-Aia4. Aj-7l'=flAi ^AjtV2-(l-3ll^-lH-'as<ilDi4t- 

2-^)-?>S2|-^i?(1.00 g. 2.50 mmoO-i- 7]-^ ^ ^-grofl'^i 4 ^l^V ^^^^1^4. 2 N -8-«S4<Hil<Hl 

^1^ ^^#"1] St-§-#-i- 1 Aj^V :^ov HtiVA]^4. jL«ll ^^#* «>^4^1^ ^ :^2i^]n 9.10-ali[Hls|l^-2-^ 
-2(l-i|)'d-lH-^2:O)nli:1^-2-'y)]-9,l0-cl§HHS.-^VH2]-a-9,10-4"a-*(1.00 g. 57 ^Si4. ' 

^i^?l7l SH^i 4°i#(0.70 g, 1.00 mmoDl- °\M]^^j: 60 mi-^l ^^Va]^ 4: ^#^iJ.£.(1.66 g 10 mmol) 4 
JEf- ^o]s. ^^s^o]^ «l-ol^2-flolE(i.66 g. 18.9 mmoD* 7RV 3 *°]- H«1:«>^4 a^^o^S. ^ 

z]-^ :f 3l.«).:ii ^2). iHlf^-i-S. :?l2:«1-o^ ^^V s^^2] ^«,v<i] 3-2S. i^ls]^ sj-^i-l-CO 45 g 6 

7 ^Si4. 

^fe^ 270.0 r; IH NMR (300 MHz, CDCl 3 ) 7.86(d, IH). 7.75(dd. IH). 7.70(s. IH), 7.63-7.48(m. 8H) 7 42 
-7.0(m. 12H). 6.92-6.81(m. 9H). 6.63(d. 2H); MS [M+H] 675. 

ITOOndium tin oxide)7]- 1500 AS? ^v^S. 3.^^ -^b] jIoS:^ M]:^m ^9} ^^=r4 ^ Jl 2:-§-3l-S. 

4. '^V-S-t.^ ^l^lfe 3l^(Fischer Co.)^}s\ 4^-^ a^^^'^o,^^ '=iB]s.o\mnipore Co.)^\ lEi(Filter)S. 2 

^>S. ^B]^ f^-f ^1- Al.^s|.Si4. ITO» 30 -Hl^ll- ^ f'^^S. 2 S| ^^S>o^ ^1^* 10 ^^S^ 

S4. f'^'r #4^ o1i = 5.l'a-#, oHll-, f-fi| -g-^il^ ^^3^ xfl^* s}.^ :?lSA]y ^ l-al-a4 

'H1^7]S. ol^Al^cf. a*V AV^.a2^a4* '^l-§-S>'>^ ^^71 7):^^ 5 ^l^^V 4^ ^^21-71^ 71^* oj^A]^ 

4. 

«>l¥7ll rrO ^^ «!>^1-4:^1 «!4<»l-4:Ee1S|l^ia (hexanitrilehexaazatriphenylene)^ 500 A2^ 

-^^IIS. 1 f^^^SH ^^J*}5514. ^ ^^1 <^1^^V^ NPB(600 A)* f^z,^^}- ^ 

^t#^t* «m ^j-71 s.^]^^ *^i-* 100 AS] *>S4. ^7}3\ 

^ ol^^t* ^7]3] ^-^^ 1-22) S^^l-* 200 Afil f'^'- *F<^ -S-7lS-#2l b^s]- ^a^^ 

^4. ^7l ^^V^og ^ ^^#^<^ ^*>2^ O.S. 5 Afil ^Tfls s^f- #f-el-olH(LiF)sf 2500 As\ ^^s\ t^o)^* 
f'^^^ol ^^J*l-^4. ^c}-7lfil sf^'-llAi -B-7l#sl ^^^^^ 1 A/sec* e1#$^e)-olHfe0 2 

A/sec. ^^D)^^ 3-7 A/secS] f'^^H* -fi-^l«^S^4. 
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^7loflAi ^7] -fr?!^^ i;.H 4.04 VSl ^d^* 7}^ 14. 10 mA/arfSl ^Ji^-gSoflAi 1931 CIE col 

or coordinate 7]§o.S. x = 0.16, y = 0.11 ofl 184 nit t^7]^ ^^m.^o] ^^Sl$i4. 

^71 ^Ajoi) 7o,)Ai4 t°l ITO ^d^^li ^^qsl «!A>o}^>He|3Ji]^^ (hexanitrile hexaazatriphen 

ylene)* 500 AS] ^^]s. 1 ^^c^ zi ^ofl oWi[^ NPB(600 

A)l- ^^f'^'-t!- ^ *l-fe/J-7l i s. SAlsl^ 200 AS] ^v\]s. f^A^^S4 ^ 

4 2500 A21 ^7l]2l t^ol^* ^m'^ ^^-t ^-^^t}^^. A^71S1 4 :^6\]^ ^7]^B] f^a^^S^ 1 A/sec» 
= 0.2 A/sec, 3,7 A/sec2] f^aJ-^S* -fh^lSf^cf. 

^7l<HlAi ^7] -fr7l«^^ i^Hl 4.63 Vfi] ^^)^ mA/arf2l ^d^'§£°ll^i 1931 CIE col 

or coordinate 7l§6.^ x = 0.16, y = 0.19 ^fl sfl'^-^fe 226 nit l{-7] £l ^^i^^H^o] ^^sj^c).. 

^^]^ 9 

(-8-71 dt^l-s) ;<fl^) 

^71 ^Al^fl 7»llAi<4 ^01 ITO ^ofl «!A>om2li|]'d€(hexanitrile hexaazatriphen 

ylene)* 500 A2] ^^HlS. ^ f'^'-^H a ^^fl ^^^^ o]^t}^ ^;goi npb(600 

A)* ^ ^^#■^^4- js. sa]s)^ ^^i-i- 200 as] ^^s. f^ais^^nf 

^ ^ ol^^^vi- t}^ A^V7l 1-45. SAlslfe ^^l-l- 200 ASl -f-^^lS. f'^^'^ -a- 

711-f^Sl ^5^- ^^^4: %S.t}^x:\. ^7}-^og 5^ ^^^o^ofl ^^faj O.S. 5 AS] ^^1)5. 2]^ ^^e+o] ^(LiF)4 
2500 AS] ^^S] "i^ol^-i- ^aVsH ^^J^VS^V. ^^7lS] 4^^i^1 ^711-s) l A/secl: ^^^1 

Hl-§-#f-a1-ol=fe 0.2 A/sec, °i^Dl^€r 3-7/secS] f'^^S* -8-^1*1-^4. 

-a-7loll^i ^71 -S-71^^ dt^H 6.16 VS) ^«<J-*^ 7RV 10 mA/ats] ^^°j£oflA-] 1931 qe col 

or coordinate 7]^±S. x = 0.16. y = 0.12 ^fl «fl'3-«l-fe 175 nit ^^7]^ ^^ ^^^$it:^. 

^'>']<^ 10 

(-6-71 i!i^l-2] 

^7] ^Ajoil 7011A14 ^o] ^a)^ ITO f-'g ^^^ofl «!AVq^^ fi!A>o>^VH5^Sll^ ^(hexanitrile hexaazatripheny 
lene)» 500 AS] ^^S. t ^^i}^ ^^^^^4. ^ NPB(600 A) 

* ^^f-^tV 4 t^f-^-t* ^1-71 kS. S.^]s\^ ^t*^ 200 A2) ^TllS. f'Si-tl-^c}- t^g-t 

^lofl ^7.}S] * 014.^^1. ^7l 3-25. S.A)s)fe ^^i-^ 200 AS] ^^^15. f'A'-SH -8-711- 

«vg| ^^51-^4. ^oM ^i^>^<a ^ ^'l^^^oll 5 xs\ if 7115. el-i- #^al-ols.(LiF)4 2500 

A21 ^^1151 <y-^Di^4 f^2v^><^ ^^J^Vsa4. ^^7lsi 4^^°11^i -fr 711-21 f'Sl-^sfe 1 A/sec* -fr^lsfsaai 

el##^et<^lH^ 0.2 A/sec, °i^nl-H--Sr 3-7 A/secS] -^^m^^. 

■^7M^.^ ^7] ^7]^% ^;<H1 5.17 Vfi] ^>iV%V 7}^ 14. 10 mA/cnfSl ^d#°j£°fl^i 1931 CIE col 

or coordinate 7]^o_S. x = 0.16. y = 0.17 «fl «ll'§-sVfe 124 nit H-7lfil i^H^o] ^%s]°jii^. 



-g- ^"SSl Aifl.o^ ^^yoi aj.5v «^:^(.f^7l EL: organic electroluminescence) 4.^1-21 -8- 

7m^#^»l| «-8-j£|«>l S:-i-4 ■'r'^sl ^-3- 5 ^^-a-^^-i- ^5*4. 



(57) ^^sl -S^l 
1. 
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^7] IS. SAlslfe 



1] 




>^7l IS] ^oflAi. 

R » , ?J R 2 ^ ^^^^S. SE^ -f-^lofl, ^4:^ 1 20^1 ^llh^ <4=1-^ 40] 

511^. -jHs^-a). 'S-^^^r 7|<^l:a. f-Alofl R 1 , ^ R 2 71- Vfe 

Ar^ >j!l^, H>olall^. tVHSl-a, £fe "S-^^^i* ^-Sr ^^^S-^E] -ftE^ 7I0H, 

. R 3 ^ ll-i^ 1 ifl^l 62) -a-S^l Sfe «>*lJ^I|^. tVEsi^ £^ 

R 4 ^ ^i^;^K 1 7 fi) ^^7l £^ ;*1»S-^ fl-^^i. ^ ^, x+-E^^!. bVoIs^i-^. °J-ee|.^ 
2. 



^1^, ^-8: ^^o.S.-?-El 7lo]a7. ^Ajofl R 1 , ^ R 2 7> ^^^^^ '^^ 

Ar^ aHsfli^, ^Se)-^, £fe uj-^^^^^ 7]o1b1, 

■^71 R 4 ^ ^i=r 1 xfl^l 7 2) o^?j7l SEfe ;^la,>s. °]-Hef-a 
^^«J- 3. 

*V7] ^«}-^ S.A)5)^ Sj-^-i-: 



(^«^^ 2] 
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xfe MR 4 , -a-^^T^K -iVdi^^oH. 

-S-^l R 4 ^ ^4i^;^K 1 m^l 7 21 ^^71 5£^ ^]^^^ -a^. M-Sl-^. Sfe 



^^■71 ^^<i1 421 ^oflAi, 

R 1 . ^ R 2 ^ zvq- =.^21 5Efe -f-Alol], ^db^ 1 Ml^l 2021 ll-S^^ii -a^Jl ^St^ ^}o] 

4^4, °J-Se1-ill. «J-*^^^±« ^^A^^El 7)olii. f-AH) R 1 . 5{ R 2 7> ^^^^.y 

-^71 R 4 ^ ^dt€^K 1 vfl^l 7 21 <a-^7l ^liij-a f^^^i:, li^, 14=^^. a].clS||i^ tl-BBf^ £fe 
5. 

*F7l 31- 55. iAlsj^ 



4] 




[^«^^ 5] 
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N 




R 1 . 5 R 2 ^ ^^^^^ £^ f-Alofl, ^rii^^l-, 1 ifl^] 205] ^l«o^^ ^S^-'^i. sa^. »4Htia aH 

Sfl^. °J-S.e]->i, «„V^2:44-^ ^o. ^^O.S.^Ej 7]olJ7, ^Alofl R 1 . 5J R 2 7V 4=:4i^4<y 

R 3 b ^i€:<K 1 ifl^l 6S] "^^71 Sfe ;^]«<J-a ^^^db. Hl!^, ^ols^l^. tl-mel-i g£fe 

•^1-71 R 4 ^ ^i^;^K ^^==1^ 1^^]7 2] o^^i?] £fe ;^l'iv^ ^^^i. m>o1s1|^ >L>He^-i £^ 
^^«^ 6. 

<il 45. iLAlSlfe 5J *>7l 53. aAlSl^ S^^^S. o]-¥-<H:5l So.s-?-El 1 ^ ojAj- Ajajs)^' ^.^i^^v 
-fr7m^-i-f'i- S^Sl-fe -fr7l ±7.y. 



im-H 1] 




2] 




im^ 3] 
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s^n-f^] 1, 2, 3, 4, 531 -i^c]]^^, 

3^1 'd, °J:S2f-«!!. I^s^^^dt* ^-S- "g-lf^^r ^^0.^4 El -a-S.^ 7loia. -f-AH R 1 , ^ R 2 7f 

Ar-8- M-S^ia. «H5^^. -JVSBl-a!, SEfe 'iHl=^«- -S-S^ 7lolu^, 

R 3 fe ^ii^^K ^rt^ 1 vfl^l 6Sl ^^7l ;^1>?}^ ^l«-€ 4=^^, ^^l^il'd. 5E^ 

NR 4 , -8-%^x>. £fe 

^71 R 4 ^ ^i^^K 1 ifl^l 7 31 t^7l £fe ^^^±, i4«^^. Ml-olsO^. ^>:^2^-ffl. £^ 

7. 

^7i -8-7is^t«-*oi ^^-i: ^-asi-fe "cf^^ ^^v* ^usVfe -s-^ ^}o]o\] ^c,]s. ^^7} ^^isi^ -^7) ±;i}. 

8. 

■8-7m^l-f'Ol ^4 ^ 7}:*]^ 5 f'ti ^;^|. 

9. 
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^7] ^7]m%%o] ^-a ^ 71 7l-;^l^ 5 #y -B-71 i;^>. 

10. 

^7) -S-7l^^l-#ol ^ ^v:^ 7l^i: ^.^ 5J #0] o.^^ 

11. 

^J-71 -a-71 t% oMS.^^ 7]^. ^7^^%-, ^d^f^^^f^, ^ -S"^^ 

4S. a^sjfe si-^'-i-. S -^^-71 ^^■i^ 5S S.'^l^fe ^tl-s. ol^o]^ ^ 1 o].^ -^d^sl^ -8-7)^ 
^«<»1 '5J-71 -8-71 ^ ^^VT^f^ f-s] ^<HS. o]:^ ^ #'41 -8-71 4i;^l-. 

12. 

^1 6%ofl Sic^jAi, 

-3-71 -8-7m^##ol «}7l la, afe ^«}-<il 3aSl ^-8-«1-fe -8-71 

la] [^t}-4l 3a] 




^71 ^^<ij la. ^ s^-^-i] 3a2] -i^oflA-i, 

Ar 1 , Ar 2 , 55 Ar 3 ^ z^-zt ^^^^5. SEfe ^Alo)]. 14 = ^!^, bfols^l^^s^ aj-^va. H-Ej-iflal. 
13. 

^7] ^^^i] IS. S.^]^^ ^^l-o] «l-7l 1-1 ifl;^l ^^AJ 1-1621 ^^#5. ol^<:H^ ^^S.^-^ Aigss]^ 

^^#^1 -8-71 ±7\: 

1-1] (^tj-^ 1-2] 




[^«^^ 1-3] [^^<il 1-4] 
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[^^'a) 1-5] i_6] 




im-^ 1-7] 1-8] 
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1-11] [^«?-^ 1-12] 
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mn^ i-iei 




14. 

^ 6 ^ofl 9l<^^. 

^^7] 25. iAjs]^ ^^1-0) §1-71 2-1 g];^! 2-5S) Sj-^l-S. oj^o^^ ?05.«Ei A^^sli 

*^1-<?1 ^71 -r-l v-«.:H , 

2-1] 




2-2] 




[^«}-^ 2-3] 
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^ 6 Sl<H-H, 

^7) 3^S. iAls)^ ^^l-o] s^7l 3-1 

^^1-^ ^7] 

3-1] [^^^ 3-2] 



^1 ^«]^ 3-9S] ^^#5. 01^0^:5) so.s«E] ^^s\^ 
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3-3] [^t^^^ 3-4] 




3-5] im-!^ 3-6] 




3-7] [^«}-^ 3-8] 
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3-9] 




^T^^ 16. 

-8-71 m iT-i V. ^- -rl ^ , 




4-3] mn^ 4-4] 
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17.- 

[^^i) 5-1] 




im^ 5-2] 




5-3] 
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